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(57)  The present invention provides a board for an
electronic device, by which the electronic device with
various excellent characteristics can be realized in the
most suitable structure, an electronic device having
such a board for the electronic device, a ferroelectric
memory comprising such an electronic device, an elec-
tronic apparatus comprising the electronic device, ink-
jetrecording head comprising the electronic device, and
an ink-jet printer having the electronic device.The board
(100) for the electronic device comprises a substrate
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(11) having an amorphous layer (15), a buffer layer (12)
formed on the amorphous layer (15), the buffer layer
(12) having an orientation at least in the direction of its
thickness, and a conductive oxide layer (13) formed on
the buffer layer (12) by means of epitaxial growth, the
conductive oxide layer (13) having a metal oxide of a
perovskite structure. The buffer layer (12) contains at
least one selected from the group consisting of a metal
oxide of a NaCl structure and a metal oxide of a fluorite
structure. Furthermore, the buffer layer (12) is formed
by epitaxial growth in the cubic crystal (100) orientation.
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Description

[0001] The presentinvention relates to a board for an
electronic device, an electronic device, a ferroelectric
memory, an electronic apparatus, an ink-jet recording
head, and an ink-jet printer.

[0002] As well known to those skilled in the art, an
electronic device, such as a piezoelectric element used
in an ink-jet recording head, a capacitor used in a ferro-
electric memory, etc., generally comprises a pair of elec-
trodes (an upper electrode and a lower electrode) and
a ferroelectric layer made of a ferroelectric material dis-
posed between the electrodes.

[0003] Astheferroelectric material, a metal oxide hav-
ing a perovskite structure, which is represented by the
composition formula ABO3, is used. In particular, lead
zirconate titanate (PZT) having lead (Pb) as A, and a
mixture of zirconium (Zr) and titanium (Ti) as B, is widely
used.

[0004] In the conventional electronic device, Pt has
been used as the material for the lower electrode. Pt has
strong self-orientation since it has a face centered cubic
lattice (FCC) structure, which is a closest packing struc-
ture. Consequently, Pt still has strong orientation to (111)
even when it is formed in the shape of a thin film on a
layer made of an amorphous substance (hereinafter re-
ferred to as amorphous layer), such as SiO,, with the
result that the orientation of the ferroelectric layer
formed thereon becomes better.

[0005] Since Pt has extremely strong orientation,
however, its crystal grain has a columnar structure, and
its grain boundary is arranged vertically. As a result, Pb
in the ferroelectric layer is apt to diffuse to a bottom part
(for example, a lower electrode) along the grain bound-
ary. Furthermore, adhesive property between the lower
electrode and the amorphous layer is very poor.
[0006] An intermediate layer made of Ti may be dis-
posed between the lower electrode and the amorphous
layer (for example, SiO, layer) to improve the adhesive
property between the lower electrode and the amor-
phous layer, and a barrier layer made of TiN may be
disposed between the lower electrode and the amor-
phous layer to prevent diffusion of Pb.

[0007] Inthe aforesaid cases, however, the electrode
structure becomes complicated. Furthermore, Ti may be
oxidized and Ti may be diffused to the lower electrode,
with the result that the crystallinity of the ferroelectric
material is lowered.

[0008] In case that the electronic device constructed
as described above is applied to a piezoelectric ele-
ment, an electrostriction characteristic is deteriorated.
In case that the electronic device constructed as de-
scribed above is applied to a capacitor, a hysteresis
characteristic of polarized electric field (P-E), a leak cur-
rent characteristic, a fatigue characteristic, etc. are de-
teriorated.

[0009] Therefore, the present invention has been
made in view of the above problems, and it is an object
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of the present invention to provide a board for an elec-
tronic device, by which the electronic device with various
excellent characteristics can be realized in the most suit-
able structure, an electronic device having such a board
for the electronic device, a ferroelectric memory com-
prising such an electronic device, an electronic appara-
tus comprising the electronic device, an ink-jet recording
head comprising the electronic device, and an ink-jet
printer comprising the electronic device.

[0010] The above and other objects are accomplished
by the present invention as claimed in claim 1 and its
preferred embodiments as claimed in the dependent
claims.

[0011] Further objects and advantages of the inven-
tion will be explained in detail below with reference to
preferred embodiments and the accompanying draw-
ings.
Fig. 1 is a cross sectional view illustrating a pre-
ferred embodiment of a board for an electron-
ic device according to the present invention.
Fig. 2 is a view illustrating orientation of a buffer lay-
er.

Fig. 3 is a view for explaining how to manufacture
the board for the electronic device according
to the present invention.

Fig. 4 is a cross sectional view illustrating the elec-
tronic device according to the present inven-
tion as applied to a capacitor.

Fig. 5 is a cross sectional view illustrating the elec-
tronic device according to the present inven-
tion as applied to a cantilever.

Fig. 6 is a plan view schematically illustrating a pre-
ferred embodiment of a ferroelectric memory
according to the present invention.

Fig. 7 is a cross sectional view taken along line A-A
of Fig. 6.

Fig. 8 is an exploded perspective view illustrating a
preferred embodiment of an ink-jet recording
head according to the present invention.
Fig. 9 is a cross sectional view illustrating the struc-
ture of main parts of the ink-jet recording
head shown in Fig. 8.

Fig. 10  isadiagrammatic view illustrating a preferred
embodiment of an ink-jet printer according to
the present invention.

[0012] The presentinventor has made repeated stud-
ies of a material for a lower electrode (a conductive ox-
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ide layer) to substitute for Pt, and come to the conclusion
that a conductive oxide, such as RuO, or IrO,, for ex-
ample, especially, a metal oxide having a perovskite
structure, such as strontium ruthenate (SrRuQ3), is very
suitable for the material.

[0013] Such a metal oxide of the perovskite structure
has the same crystal structure as a ferroelectric materi-
al, such as PZT. Consequently, adhesive property be-
tween the lower electrode and the ferroelectric layer is
improved, and the epitaxial growth of the ferroelectric
layer is accomplished with ease. Furthermore, the metal
oxide serves as an excellent barrier layer for preventing
diffusion of Pb.

[0014] To improve various characteristics of the elec-
tronic device, it is preferable to provide a ferroelectric
layer made of an oriented thin film, which requires the
lower electrode to be formed by means of epitaxial
growth.

[0015] Incase thatthe lower electrode is to be directly
formed on a Si substrate, which is widely used, a SiO,
layer, which is an amorphous layer, is formed on the sur-
face of the Si substrate. It is extremely difficult to form
the lower electrode on the amorphous layer by means
of epitaxial growth.

[0016] Therefore, the present inventor, after repeated
studies, has come to the conclusion that if a buffer layer
having an orientation at least in the direction of its thick-
ness is disposed on the amorphous layer, the lower
electrode can be easily formed on the buffer layer by
means of epitaxial growth.

[0017] The present invention has been made based
on the above conclusion. A board for an electronic de-
vice according to the present invention is characterized
in that the board comprises: a substrate at least having
a surface made of an amorphous substance; a buffer
layer formed on the surface of the substrate, the buffer
layer having an orientation at least in the direction of its
thickness; and a conductive oxide layer formed on the
buffer layer by means of epitaxial growth, the conductive
oxide layer having a metal oxide of a perovskite struc-
ture.

[0018] Detailed descriptions will now be given of a
board for an electronic device, an electronic device, a
ferroelectric memory, an electronic apparatus, an ink-jet
recording head, and an ink-jet printer according to a pre-
ferred embodiment of the present invention, respective-

ly.
BOARD FOR ELECTRONIC DEVICE

[0019] First of all, the board for the electronic device
will be described.

[0020] Fig. 1 is a cross sectional view illustrating a
preferred embodiment of a board for an electronic de-
vice according to the present invention, Fig. 2 is a view
illustrating orientation of a buffer layer, and Fig. 3 is a
view for explaining how to manufacture the board for the
electronic device according to the present invention.
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[0021] As shown in Fig. 1, the board 100 for the elec-
tronic device comprises a substrate 11 having an amor-
phous layer 15, a buffer layer 12 formed on the amor-
phous layer 15, and a conductive oxide layer 13 formed
on the buffer layer 12.

[0022] The substrate 11 serves to support the buffer
layer 12 and the conductive oxide layer 13, which will
be described later. The substrate 11 comprises a plate-
shaped member.

[0023] The substrate 11 has the amorphous layer 15
formed on its surface (on the top surface of the substrate
11inFig. 1). The amorphous layer 15 is a part composed
of an amorphous substance. The amorphous layer 15
is formed integrally with the substrate 11, although the
amorphous layer 15 may be fixedly attached to the sub-
strate 11.

[0024] As the substrate 11, for example, such as a
substrate of Si or a substrate of SOI (Si on Insulator)
may be used. A substrate having its surface coated with
a natural oxide film or a thermal oxide film, such as a
SiO, film, may be used. In this case, the natural oxide
film or the thermal oxide film constitutes the amorphous
layer 15.

[0025] The amorphous layer 15 may be formed of sil-
icon nitride, silicon nitride oxide, various kinds of metal,
etc., for example, in addition to SiO,. In this case, the
amorphous layer 15 is preferably formed, for example,
by means of chemical vapor deposition (CVD), such as
thermal CVD, plasma CVD, laser CVD, etc., physical va-
por deposition (PVD), such as vacuum deposition, sput-
tering, ion plating, etc., sputter reflow, or thermal oxida-
tion to the surface of the Si substrate.

[0026] In this embodiment, the substrate 11 has the
amorphous layer 15 formed on the surface thereof. Ac-
cording to the present invention, however, the whole of
the substrate 11 may be made of an amorphous sub-
stance. In this case, the substrate 11 may be formed of
the following: polyolefin, such as polyethylene, polypro-
pylene, ethylene-propylene copolymer, or ethylene-vi-
nyl acetate copolymer (EVA); annular polyolefin; meta-
morphic polyolefin; polyvinyl chloride; polyvinylidene
chloride; polystyrene; polyamide; polyimide; polya-
midimide; polycarbonate; poly-(4-methylpentin-1); ion-
omer; acryl-based resin; polymethyl methacrylate; acry-
lonitrile-butadiene-styrene copolymer (ABS resin); acry-
lonitrile-styrene copolymer (AS resin); butadiene-sty-
rene copolymer; polyoxymethylene; polyvinyl alcohol
(PVA); ethylene-vinyl alcohol copolymer (EVOH); poly-
ester, such as polyethylene terephthalate (PET), poly-
butylene terephthalate (PBT), or polycyclohexane
terephthalate (PCT); polyether; polyether ketone (PEK);
polyether ethyl ketone (PEEK); polyetherimide; polya-
cetal (POM); polyphenylene oxide; metamorphic
polyphenylene oxide; polysulfone; polyethersulfone;
polyphenylene sulfide; polyarylate; aromatic polyester
(liquid crystal polymer); polytetrafluoroethylene; polyvi-
nylidene fluoride; other fluoride-based resin; various
thermoplastic elastomers, such as styrene-based, poly-
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olefin-based, polyvinyl chloride-based, polyurethane-
based, polyester-based, polyamide-based, polybutadi-
ene-based, transpolyisoprene-based, fluoride rubber-
based, or chlorinated polyethylene-based elastomer;
epoxy resin; phenol resin; urea resin; melamine resin;
unsaturated polyester; silicon resin; polyurethane; co-
polymer containing the above as its main component;
blended body; various resin materials, such as polymer-
alloy; or various glass materials.

[0027] Any of the Si substrate, the SOI substrate, the
various resin substrates, and the various glass sub-
strates is commonly used in various fields and commer-
cially available. Therefore, the cost for manufacturing
the board 100 may be reduced by using the aforesaid
substrates for the substrate 11.

[0028] The average thickness of the substrate 11 is
preferably about 10 um to 1 mm, and more preferably
about 100 um to 600 um, although it is not particularly
limited. Setting the average thickness of the substrate
11 within the aforesaid ranges provides the board 100
with increased strength and reduced size.

[0029] On the substrate 11 is formed the buffer layer
12 made of a thin film.

[0030] The buffer layer 12 is formed in such a manner
that its orientation is at least in the direction of the thick-
ness. The orientation of the conductive oxide layer 13,
which will be described later, depends on that of the buff-
erlayer 12, with the result that the conductive oxide layer
13 is grown on the buffer layer 12 in such a way that its
orientation is also in the direction of the thickness. The
present inventor has confirmed the fact that normal epi-
taxial growth of the conductive oxide layer 13 is possible
on the buffer 12.

[0031] The orientation in the direction of the thickness
will now be described with reference to Fig. 2. One ex-
ample of the orientation in the direction of the thickness
is that the orientation is arranged in parallel with the di-
rection of the thickness. Each of the arrows in Fig. 2
schematically indicates the orientation of one crystal
particle.

[0032] The orientation in the direction of the thickness
does not mean (1) that the orientation is irregular (i.e.,
the arrows are directed randomly) or (2) that the orien-
tation is in the direction of the plane (i.e., most of the
arrows are directed horizontally). Ideally, the orientation
in the direction of the thickness means that the orienta-
tion is completely arranged in the direction of the thick-
ness (i.e., all of the arrows are directed upwardly), as
shown in Fig. 2(x). In fact, however, the orientation in
the direction of the thickness includes a considerable
number of other different orientations (i.e., the arrows
inclined to the direction of the thickness) as shown in
Fig. 2(y), or that all of the orientations are apt to be ar-
ranged in the direction of the thickness.

[0033] The buffer layer 12 preferably has a single ori-
entation (the orientation in the direction of the thick-
ness), more preferably an orientation in the plane (the
orientation in all the three-dimensional directions),
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whereby the aforesaid effect is improved.

[0034] By means of the buffer layer 12, there is excel-
lent adhesive property (close bonding property) be-
tween the amorphous layer 15 and the conductive oxide
layer 13.

[0035] The aforesaid buffer layer 12 contains at least
one selected from the group consisting of a metal oxide
of a NaCl structure, a metal oxide of a fluorite structure,
and a metal oxide of a perovskite structure. Among oth-
ers, the buffer layer 12 preferably contains at least one
selected from the group consisting of a metal oxide of a
NaCl structure, and a metal oxide of a fluorite structure.
Furthermore, it is more preferable to provide the buffer
layer 12 having the metal oxide of the NaCl structure or
the metal oxide of the fluorite structure as its main com-
ponent. The aforesaid two metal oxides each have min-
imal lattice mismatching with the metal oxide having the
perovskite structure, whereby the adhesive property to
the conductive oxide layer 13 is improved.

[0036] As the metal oxide of the NaCl structure may
be used MgO, CaO, SrO, BaO, MnO, FeO, CoO, NiO,
or a solid solution containing the above materials, for
example. As the metal oxide of the NaCl structure may
be preferably used at least one selected from the group
consisting of MgO, CaO and SrO, BaO, or a solid solu-
tion containing the above materials. The metal oxide of
the NaCl structure as mentioned above has still less lat-
tice mismatching with the metal oxide having the per-
ovskite structure.

[0037] As the metal oxide of the fluorite structure may
be used yttria-stabilized zirconia, CeO,, ZrO,, ThO,,
UO,, or a solid solution containing the above materials,
for example. As the metal oxide of the fluorite structure
may be preferably used at least one selected from the
group consisting of yttria-stabilized zirconia, CeO,, and
ZrO,, or a solid solution containing the above materials.
The metal oxide of the fluorite structure as mentioned
above has still less lattice mismatching with the metal
oxide having the perovskite structure.

[0038] The buffer layer 12 includes at least one of the
layers formed by epitaxial growth in the cubic crystal
(100) orientation, the cubic crystal (110) orientation, or
the cubic crystal (111) orientation, for example. Among
others, the layer formed by epitaxial growth in the cubic
crystal (100) orientation is preferable. The buffer layer
12 formed by epitaxial growth in the cubic crystal (100)
orientation has a relatively small average thickness.
Consequently, itis possible to properly prevent any deg-
radation due to moisture laden in the air during manu-
facturing and in use even in case that the buffer layer
12 is formed of the metal oxide of the NaCl structure
showing deliquescence, for example, such as MgO,
CaO, SrO, Ba0, whereby the board 100 becomes prac-
tical.

[0039] From this point of view, itis preferable to make
the buffer layer 12 in the form of a thin film, if possible.
Specifically, the average thickness of the buffer layer 12
is preferably not more than 10 nm, more preferably not
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more than 5 nm, by which the aforesaid effect is im-
proved.

[0040] The buffer layer 12 having reduced average
thickness in this way makes it possible to manufacture
a thin capacitor (on the order of 10 nm in thickness, for
example) required in compliance with size reduction of
a design rule of a ferroelectric memory, for example, in
case of manufacturing the ferroelectric memory.
[0041] On the buffer layer 12 is formed the conductive
oxide layer 13 by epitaxial growth. As described above,
the buffer layer 12 has uniform orientation. Consequent-
ly, the conductive oxide layer 13 also has uniform orien-
tation on the buffer layer 12 by means of epitaxial growth
of the conductive oxide layer 13.

[0042] In case that various kinds of electronic devices
are manufactured using the board 100 of the electronic
device having the aforesaid conductive oxide layer 13,
various characteristics of the electronic devices are im-
proved, which will be described later.

[0043] The conductive oxide layer 13 also contains
the metal oxide having the metal oxide of the perovskite
structure. Preferably, the conductive oxide layer 13 has
the metal oxide of the perovskite structure as its main
component.

[0044] As the metal oxide of the perovskite structure
may be used CaRuO3;, SrRuO;, BaRuOj, SrVOs, (La,
Sr) MnQg, (La, Sr) CrO,, (La, Sr) CoO3, and a solid so-
lution containing the above materials, for example. As
the metal oxide of the perovskite structure may be pref-
erably used at least one selected from the group con-
sisting of CaRuQO3, SrRuO3, and BaRuOs, or a solid so-
lution containing the above materials. The metal oxide
of the perovskite structure as mentioned above has ex-
cellent conductivity and chemical stability. Consequent-
ly, the conductive oxide layer 13 also has excellent con-
ductivity and chemical stability.

[0045] The aforesaid conductive oxide layer 13 is use-
ful as an electrode in construction of the electronic de-
vice.

[0046] The conductive oxide layer 13 includes at least
one of the layers formed by epitaxial growth in the pseu-
do cubic crystal (100) orientation, the pseudo cubic crys-
tal (110) orientation, and the pseudo cubic crystal (111)
orientation, for example. Among others, the layer
formed by epitaxial growth in the pseudo cubic crystal
(100) orientation is preferable. In case that various kinds
of electronic devices are manufactured using the board
100 of the electronic device having the aforesaid con-
ductive oxide layer 13, various characteristics of the
electronic devices are improved.

[0047] The average thickness of the conductive oxide
layer 13 is preferably about 10 nm to 300 nm, and more
preferably about 50 nm to 150 nm, although it is not par-
ticularly limited.

[0048] By havingthe aforesaid average thickness, the
conductive oxide layer 13 not only serves satisfactorily
as the electrode, but the size of the electronic device is
minimized as well.
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[0049] Description of how to manufacture the board
100 of the electronic device will be made with reference
to Fig. 3.

[0050] The aforesaid board 100 for the electronic de-
vice may be manufactured as follows.

[0051] The method of manufacturing the board 100
comprises the steps of forming the buffer layer 12 on
the amorphous layer 15 (a buffer layer forming step),
and forming the conductive oxide layer 13 on the buffer
layer 12 (a conductive oxide forming step), each of
which will be described hereinafter in turn.

[0052] The substrate 11 having the amorphous layer
15 is prepared. The substrate 11 preferably has a uni-
form thickness. Furthermore, the substrate 11 prefera-
bly has no curved or damaged parts.

[1A] Buffer layer forming step

[0053] The buffer layer 12 is formed on the amor-
phous layer 15 of the substrate 11. For example, this
step may be carried out as follows.

[0054] The substrate 11 is loaded in a substrate hold-
er, and then disposed in a vacuum apparatus.

[0055] Inthe vacuum apparatus, a first target contain-
ing components of the aforesaid buffer layer 12 (a target
for the buffer layer) is disposed apart from the substrate
11. The first target preferably has the same or similar
composition as the buffer layer 12 to be formed.
[0056] Next, alaser beam is applied to the first target.
Atoms comprising oxygen atoms and metal atoms are
discharged from the first target, and a plume is gener-
ated. In other words, this plume is applied toward the
amorphous layer 15. As a result, this plume comes in
contact with the amorphous layer 15 (the substrate 11).
[0057] Almost at the same time, an ion beam is ap-
plied to the surface of the amorphous layer 15 at a pre-
scribed angle to the amorphous layer 15.

[0058] As a result, the buffer layer 12 at least having
the orientation in the direction of the thickness is formed
on the amorphous layer 15 by means of epitaxial growth.
[0059] To discharge the aforesaid atoms from the first
target, an argon gas (inert gas) plasma or an electron
beam may be applied to the surface of the first target,
instead of applying the laser beam to the surface of the
first target.

[0060] Preferably, the laser beamis applied to the sur-
face of the first target to discharge the atoms from the
first target. According to the aforesaid method, it is pos-
sible to discharge the atoms from the first target easily
and reliably using the vacuum apparatus of a simple
structure having an incident window for the laser beam.
[0061] As the laser beam may be used a pulse beam
having a wavelength ranging from about 150 nm to 300
nm and a pulse length ranging from about 1 ns to 100
ns. Specifically, an excimer laser, such as an ArF exci-
mer laser, an KrF excimer laser, a kind of XeCl excimer
laser, a YAG laser, a YVO, laser, CO, laser, etc., may
be used as the laser beam. Preferably, the ArF excimer
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laser or the KrF excimer laser is used as the laser beam.
Any of the ArF excimer laser and the KrF excimer laser
is convenient to handle, and can discharge the atoms
from the first target more efficiently.

[0062] As the ion beam applied to the surface of the
amorphous layer 15 may be used an ion of at least one
selected from the group consisting of argon, helium, ne-
on, xenon and krypton, which are all inert gases, or a
mixed ion of the aforesaid ions and an oxygen ion, al-
though it is not particularly limited.

[0063] As anion source of the ion beam may be used
a Kauffman ion source. By using such an ion source,
the ion beam can be generated relatively easily.
[0064] The angle of applying the ion beam to the sur-
face of the amorphous layer 15 in the normal direction
(the aforesaid prescribed angle) is 35° to 65°, although
it is not particularly limited. In case of forming the buffer
layer 12 with the metal oxide of the NaCl structure as
the main component, the angle is preferably 42° to 47°.
In case of forming the buffer layer 12 with the metal ox-
ide of the fluorite structure as the main component, the
angle is preferably 52° to 57°. If the ion beam is applied
to the surface of the amorphous layer 15 using such an-
gle setto the aforesaid values, the buffer layer 12 having
the orientation in the plane as well as the cubic crystal
(100) orientation can be formed.

[0065] Each of conditions required to form the buffer
layer 12 is established in such a way that the buffer layer
12 has the epitaxial growth. For example, the conditions
may'be established as follows.

[0066] Frequency of the laser beam is not more than
30 Hz, preferably not more than 15 Hz.

[0067] Energy density of the laser beam is not less
than 0.5 J/cmZ2, preferably not less than 2 J/cm?2.
[0068] Acceleration voltage of the ion beam is about
100 to 300 V, preferably about 150 V to 250 V.

[0069] Amount of irradiation of the ion beam is about
1 to 30 mA, preferably about 5 to 15 mA.

[0070] Temperature of the substrate 11 is about 0 and
50°C, preferably about 5 to 30°C (room temperature).
[0071] The distance between the substrate 11 and the
first target is not more than 60 mm, preferably not more
than 45 mm.

[0072] Pressure in the vacuum apparatus is not more
than 133 X 10-1 Pa (1 X 10-1 Torr), preferably not more
than 133 x 10-3 Pa (1 X 103 Torr).

[0073] Atmosphere in the vacuum apparatus is pro-
vided in such a way that the mixing ratio of the inert gas
to the oxygen in volume is about 300:1 to 10:1, prefer-
ably about 150:1 to 50:1.

[0074] By establishing each of conditions for forming
the buffer layer 12 within the above ranges, respectively,
the buffer layer 12 can be formed by means of the epi-
taxial growth more efficiently.

[0075] By properly setting the time for irradiating the
laser beam and the ion beam, the average thickness of
the buffer layer 12 can be adjusted within the aforesaid
range. The time for irradiating the laser beam and the
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ion beam is normally not more than 200 seconds, pref-
erably not more than 100 seconds, although it is differ-
ent depending on each of the conditions.

[0076] According to the aforesaid method for forming
the buffer layer 12, which can adjust the angle at which
the ion beam is applied, it is possible to adjust the uni-
form orientation in such a way that the orientation has
other different orientations. Furthermore, the orientation
of the buffer layer 12 may be arranged more uniformly.
Consequently, the average thickness of the buffer layer
12 may be further reduced.

[0077] By the step as described above, the buffer lay-
er 12 is provided (Refer to Fig. 3a).

[2A] Conductive oxide layer forming step

[0078] The conductive oxide layer 13 is formed on the
buffer layer 12. For example, this step may be carried
out as follows.

[0079] Prior to the forming the conductive oxide layer
13, a second target containing components of the afore-
said conductive oxide layer 13 (a target for the conduc-
tive oxide layer) is disposed apart from the buffer layer
12 (the substrate 11), instead of the first target. The sec-
ond target preferably has the same or similar composi-
tion as the conductive oxide layer 13 to be formed.
[0080] Following the step [1A], the plume of atoms
containing oxygen atom and various metal atoms is ap-
plied to the buffer layer 12. As a result, the plume comes
into contact with the surface (the top surface) of the buff-
er layer 12, and thus the conductive oxide layer 13 con-
taining the metal oxide of the perovskite structure as
mentioned above is formed in the shape of a thin film by
means of epitaxial growth.

[0081] Preferably, the atoms containing the oxygen
atom and various metal atoms are discharged from the
second target, and then the plume is generated by ap-
plying the laser beam to the surface of the second target
in the same manner as in step [1A].

[0082] As the laser beam may be preferably used ArF
excimer laser or KrF excimer laser in the same manner
as in step [1A].

[0083] If necessary, the conductive oxide layer 13
may be formed on the buffer layer 12 by applying the
ion beam to the surface of the buffer layer 12 in the same
manner as in step [1A], whereby the conductive oxide
layer 13 can be formed more efficiently.

[0084] Each of conditions required to form the con-
ductive oxide layer 13 is established in such a way that
various metal atoms arrive at the top surface of the buff-
er layer 12 in the prescribed ratio, and the conductive
oxide layer 13 has the epitaxial growth. For example,
the conditions may be established as follows.

[0085] Frequency of the laser beam is not more than
30 Hz, preferably not more than 15 Hz.

[0086] Energy density of the laser beam is not less
than 0.5 J/cm2, preferably not less than 2 J/cm?2.
[0087] Temperature of the substrate 11 having the
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buffer layer 12 formed thereon is about 300 to 800°C,
preferably about 400 to 700°C.

[0088] In case of applying the ion beam in combina-
tion with the laser beam, the temperature of the sub-
strate 11 is about 0 to 50°C, preferably about 5 to 30°C
(room temperature).

[0089] The distance between the substrate 11 having
the buffer layer 12 formed thereon and the second target
is not more than 60 mm, preferably not more than 45
mm.

[0090] Pressure in the vacuum apparatus is not more
than 1 atmospheric pressure. Preferably, the partial
pressure of the oxygen is not less than 133 X 10-3 Pa
(1 X 1073 Torr) during supply of the oxygen gas, and not
less than 133 X 10 Pa (1 X 10 Torr) during radical
supply of the atomic oxygen.

[0091] In case of applying the ion beam in combina-
tion with the laser beam, the pressure in the vacuum
apparatus is not more than 133 x 10-1 Pa (1 x 10!
Torr), preferably not more than 133 x 10-3 Pa (1 X 10-3
Torr). In this case, atmosphere in the vacuum apparatus
is provided in such a way that the mixing ratio of the inert
gas to the oxygen in volume is about 300:1 to 10:1, pref-
erably about 150:1 to 50:1.

[0092] By establishing the conditions for forming the
conductive oxide layer 13 within the above ranges, re-
spectively, the conductive oxide layer 13 can be formed
more efficiently.

[0093] By properly setting the time for applying the la-
ser beam, the average thickness of the conductive oxide
layer 13 can be adjusted within the aforesaid range. The
time for applying the laser beam is normally about 3 to
90 minutes, preferably about 15 to 45 minutes, although
it is different depending on each of the conditions.
[0094] By the step as described above, the conduc-
tive oxide layer 13 is provided (Refer to Fig. 3b).
[0095] Through the aforesaid steps [1A] and [2A], the
board 100 for the electronic device is manufactured.
[0096] Prior to the step [1A], a step for cleaning the
substrate 11, i.e., for removing foreign matter from the
surface of the substrate 11 (for example, removing fat)
may be provided as a pre-treatment step.

[0097] The removal of the foreign matter is carried out
by bringing the substrate 11 into contact with removing
liquid.

[0098] To bring the substrate 11 into contact with the

removing liquid, a method for depositing the substrate
11 in the removing liquid (a depositing method), a meth-
od for spraying (showering) the removing liquid onto the
surface of the substrate 11, or a method for coating the
removing liquid on the surface of the substrate 11 may
be used.

[0099] Among others, the depositing method is useful
to bring the substrate 11 into contact with the removing
liquid. By using the deposing method, the foreign matter
(for example, organic matter) can be removed from the
surface of the substrate 11 easily and reliably. Further-
more, a plurality of (a large amount of) substrates 11 can
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be processed simultaneously by using the depositing
method.

[0100] In this case, it is preferable to apply ultrasonic
vibration to the removing liquid or to shake at least one
of the substrate 11 and the removing liquid.

[0101] As the removing liquid may be used an organic
solvent made of the following: alcohols, such as methyl
alcohol, ethyl alcohol, propyl alcohol, butyl alcohol; ke-
tones, such as acetone, methyl ethyl ketone, methyl iso-
butyl ketone; esters, such as ethyl acetate, methyl ace-
tate; ethers, such as diethylmethyl, diisopropyl ether,
tetrahydrofuran, dioxane; nitriles, such as acetonitrile,
propyonitrile; halogenated hydrocarbons, such as meth-
ylene  chloride, fluoroform, 1,2-dichloroethane,
1,1,2,2-tetrachloroethane; hydrocarbons, such as n-
hexane, petroleum ether, toluene, benzene, xylene; or
a mixture of one or more selected from the group con-
sisting of the above materials.

ELECTRONIC DEVICE (CAPACITOR)

[0102] Application of the electronic device according
to the present invention to a capacitor will now be de-
scribed.

[0103] Fig. 4 is a cross sectional view illustrating that
the electronic device according to the present invention
is applied to a capacitor.

[0104] As to a capacitor 200 as shown in Fig. 4, the
difference between the capacitor 200 and the board 100
for the electronic device will be described, and thus the
description of the same elements of the capacitor 200
as the board 100 will be omitted.

[0105] The capacitor 200 comprises the board 100, a
ferroelectric layer 24 disposed at a prescribed area on
the board 100, and an upper electrode layer 25 disposed
on the ferroelectric layer 24.

[0106] The conductive oxide layer 13 of the board 100
serves as one of the electrode layers in the capacitor
200. The conductive oxide layer 13 is hereinafter re-
ferred to the lower electrode layer 13.

[0107] The ferroelectric layer 24 is formed on the low-
er electrode layer 13 by epitaxial growth. As described
above, the lower electrode layer 13 has uniform orien-
tation. Consequently, the ferroelectric layer 24 also has
uniform orientation on the lower electrode layer 13 by
means of epitaxial growth of the ferroelectric layer 24.

[0108] The capacitor 200 has increased residual po-
larization and reduced coercive electric field. That is to
say, various characteristics of the capacitor 200 are im-
proved. In case that a ferroelectric memory is manufac-
tured using the capacitor 200, therefore, a ferroelectric
memory having excellent angulation of the hysteresis
loop can be provided.

[0109] The ferroelectric layer 24 may be formed of
various ferroelectric materials. Preferably, the ferroelec-
tric layer 24 contains the ferroelectric material of the per-
ovskite structure. More preferably, the ferroelectric layer
24 is made with the ferroelectric material of the per-
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ovskite structure as the main component. Furthermore,
a ferroelectric material having its epitaxial growth in the
tetragonal crystal (001) orientation or a ferroelectric ma-
terial having its epitaxial growth in the rhombohedron
crystal (100) orientation may be used as the ferroelectric
material of the perovskite structure. Preferably, the fer-
roelectric material having its epitaxial growth in the te-
tragonal crystal (001) orientation is normally used,
whereby its effect is improved.

[0110] As the ferroelectric material of the perovskite
structure may be used a metal oxide of the perovskite
structure, such as Pb (Zr, Ti) O3 (PZT), (Pb, La) (Zr, Ti)
O3 (PLZT), BaTiO3, KNbO3;, PbZnO;, PbNbO;,
PbFeO3, PbWO3, a compound of the bedded structure,
such as SrBi, (Ta, Nb),Og, (Bi, La),TizO45, or a solid
solution containing the above materials, for example. As
the ferroelectric material of the perovskite structure may
be preferably used at least one selected from the group
consisting of PZT and BaTiOj, or a solid solution con-
taining the above materials. Consequently, various
characteristics of the capacitor 200 are further im-
proved.

[0111] As described above, the lower electrode layer
13 contains the metal oxide of the perovskite structure
(especially, having the metal oxide of the perovskite
structure as the main component). The metal oxide of
the perovskite structure has minimal lattice mismatching
with the ferroelectric material of the perovskite structure.
Consequently, the ferroelectric layer 24 can be formed
on the lower electrode layer 13 easily and reliably by
means of epitaxial growth in the tetragonal crystal (001)
orientation, whereby the adhesive property of the result-
ing ferroelectric layer 24 to the lower electrode layer 13
is improved.

[0112] The average thickness of the ferroelectric layer
24 is preferably about 50 nm to 300 nm, and more pref-
erably about 100 nm to 200 nm, although it is not par-
ticularly limited. Setting the average thickness of the fer-
roelectric layer 24 within the aforesaid ranges provides
the capacitor 200 with reduced size and various excel-
lent characteristics.

[0113] The upper electrode layer 25 of the island-like
(or zonal) shape is formed on the ferroelectric layer 24.
[0114] As the material for the upper electrode layer
25 may be used one or more selected from the group
consisting of Pt, Ir, Au, Ag and Ru, or an alloy containing
the above materials.

[0115] The average thickness of the upper electrode
layer 25 is preferably about 10 nm to 300 nm, and more
preferably about 50 nm to 150 nm, although it is not par-
ticularly limited.

[0116] Next, the method for manufacturing the capac-
itor 200 will be described.

[0117] For example, the aforesaid capacitor 200 may
be manufactured as follows.

[0118] The method for manufacturing the capacitor
200 comprises the steps of forming the buffer layer 12
on the amorphous layer 15 (a buffer layer forming step),
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forming the lower electrode layer (the conductive oxide
layer) 13 on the buffer layer 12 (a lower electrode layer
forming step), forming the ferroelectric layer 24 on the
lower electrode layer 13 (a ferroelectric layer forming
step), exposing part of the lower electrode layer 13 (a
lower electrode exposing step), and forming the upper
electrode layer 25 on the ferroelectric layer 24 (an upper
electrode forming step), each of which will be described
hereinafter in turn.

[1 B] Buffer layer forming step

[0119] This step is carried out in the same way as the
aforesaid step [1A].

[2B] Lower electrode layer forming step

[0120] This step is carried out in the same way as the
aforesaid step [2A].

[3B] Ferroelectric layer forming step

[0121] The ferroelectric layer 24 is formed on the low-
er electrode layer 13. For example, this step may be car-
ried out as follows.

[0122] Prior to forming the ferroelectric layer 24, a
third target containing components of the aforesaid fer-
roelectric layer 24 (a target for the ferroelectric layer) is
disposed apart from the board 100, instead of the sec-
ond target. The third target preferably has the same or
similar composition as the ferroelectric layer 24 to be
formed.

[0123] Following the step [2B], a plume of atoms con-
taining oxygen atoms and various metal atoms is ap-
plied to the lower electrode layer 13. As a result, the
plume comes into contact with the surface (the top sur-
face) of the lower electrode layer 13, and thus the fer-
roelectric layer 24 containing the ferroelectric material
of the perovskite structure as mentioned above is
formed in the shape of a thin film by means of epitaxial
growth in the tetragonal crystal (001) orientation.
[0124] Preferably, the atoms containing the oxygen
atoms and various metal atoms are discharged from the
third target, and then the plume is generated by applying
the laser beam to the surface of the third target in the
same manner as in step [1A].

[0125] Preferably, the ArF excimer laser or the KrF ex-
cimer laser is used as the laser beam in the same man-
ner as in step [1A].

[0126] If necessary, the ferroelectric layer 24 may be
formed on the lower electrode layer 13 by applying the
ion beam to the surface of the lower electrode layer 13
in the same manner as in step [1A], whereby the ferro-
electric layer 24 can be formed more efficiently.

[0127] Conditions required to form the ferroelectric
layer 24 are established in such a way that various metal
atoms contact the top surface of the lower electrode lay-
er 13 in the prescribed ratio (i.e., the composition ratio
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of the ferroelectric material of the perovskite structure),
and the ferroelectric layer 24 is formed by epitaxial
growth. For example, the conditions may be established
as follows.

[0128] Frequency of the laser beam is not more than
30 Hz, preferably not more than 15 Hz.

[0129] Energy density of the laser beam is not less
than 0.5 J/cmZ2, preferably not less than 2 J/cm?2.
[0130] Temperature of the substrate 11 having the
lower electrode layer 13 formed thereon is about 300 to
800°C, preferably about 400 to 700°C.

[0131] In case of applying the ion beam in combina-
tion with the laser beam, the temperature of the sub-
strate 11 is about 0 to 50°C, preferably about 5 to 30°C
(room temperature).

[0132] The distance between the substrate 11 having
the lower electrode layer 13 formed thereon and the
third target is not more than 60 mm, preferably not more
than 45 mm.

[0133] Pressure in the vacuum apparatus is not more
than 1 atmospheric pressure. Preferably, the partial
pressure of the oxygen is not less than 133 X 10-3 Pa
(1 X 10-3 Torr) during supply of the oxygen gas, and not
less than 133 X 10-5 Pa (1 X 1075 Torr) during supply of
the atomic oxygen radicals.

[0134] In case of applying the ion beam in combina-
tion with the laser beam, the pressure in the vacuum
apparatus is not more than 133 x 10-1 Pa (1 x 10-!
Torr), preferably not more than 133 X 10-3 Pa (1 x 103
Torr). In this case, atmosphere in the vacuum apparatus
is provided in such a way that the mixing ratio of the inert
gas to the oxygen in volume is about 300:1 to 10:1, pref-
erably about 150:1 to 50:1.

[0135] By establishing the conditions for forming the
ferroelectric layer 24 within the above ranges, respec-
tively, the ferroelectric layer 24 can be formed more ef-
ficiently.

[0136] By properly setting the time for applying the la-
ser beam, the average thickness of the ferroelectric lay-
er 24 can be adjusted within the aforesaid range. The
time for applying the laser beam is normally about 3 to
90 minutes, preferably about 15 to 45 minutes, although
it is different depending on each of the conditions.
[0137] By the step as described above, the ferroelec-
tric layer 24 is provided.

[4B] Lower electrode exposing step

[0138] The lower electrode layer 13 is exposed by re-
moving a portion of the ferroelectric layer 24. As a result,
the ferroelectric layer 24 is disposed at a prescribed ar-
ea on the lower electrode layer 13. This may be carried
out, for example, by means of photolithography.

[0139] First, a resist layer is formed on the ferroelec-
tric layer 24 while leaving the portion to be removed ex-
posed.

[0140] Next, an etching treatment (for example, a wet

etching treatment, a dry etching treatment, etc.) is car-
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ried out on the ferroelectric layer 24.

[0141] Finally, the resist layer is removed, whereby a
portion of the lower electrode layer 13 (the left side in
Fig. 4) is exposed.

[5B] Upper electrode layer forming step

[0142] The upper electrode layer 25 is formed on the
ferroelectric layer 24. For example, this step may be car-
ried out as follows.

[0143] First, a mask layer having a desired pattern is
formed on the ferroelectric layer 24, for example, by
means of sputtering.

[0144] Next, the material of the upper electrode layer
25 consisting of Pt, for example, is formed in the shape
of a thin film by means of depositing, sputtering, or print-

ing.
[0145] Finally, the mask layer is removed.
[0146] By the step as described above, the upper

electrode layer 25 is provided.
[0147] Through the aforesaid steps [1B] to [5B], the
capacitor 200 is manufactured.

ELECTRONIC DEVICE (CANTILEVER)

[0148] Application of the electronic device according
to the present invention to a cantilever (a piezoelectric
actuator) will now be described.

[0149] Fig. 5is a cross sectional view illustrating that
the electronic device according to the present invention
is applied to a cantilever.

[0150] As to a cantilever 300 as shown in Fig. 5, the
difference of the cantilever 300 from the board 100 and
the capacitor 200 will be described, and thus the de-
scription of the same elements of the cantilever 300 as
the board 100 and the capacitor 200 will be omitted.
[0151] The cantilever 300 comprises the board 100,
a piezoelectric body layer 34 disposed at a prescribed
area on the board 100, and an upper electrode layer 35
disposed on the piezoelectric body layer 34.

[0152] The substrate 11 serves as an elastic substrate
of a mono morph type cantilever in the cantilever 300.
[0153] Furthermore, the conductive oxide layer 13 of
the board 100 serves as one of the electrode layers in
the cantilever 300. The conductive oxide layer 13 is
hereinafter referred to the lower electrode layer 13.
[0154] The piezoelectric body layer 34 is formed on
the lower electrode layer 13 by epitaxial growth. As de-
scribed above, the lower electrode layer 13 has uniform
orientation. Consequently, the piezoelectric body layer
34 also has uniform orientation on the lower electrode
layer 13 by means of epitaxial growth of piezoelectric
body layer 34.

[0155] Consequently, the cantilever 300 has im-
proved electrostriction characteristic and other various
characteristics.

[0156] The piezoelectric body layer 34 may be formed
of various ferroelectric materials. Preferably, the piezo-
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electric body layer 34 contains the ferroelectric material
of the perovskite structure. More preferably, the piezo-
electric body layer 34 is made with the ferroelectric ma-
terial of the perovskite structure as the main component.
Furthermore, a ferroelectric material having its epitaxial
growth in the rhombohedron crystal (100) orientation or
a ferroelectric material having its epitaxial growth in the
tetragonal crystal (001) orientation may be used as the
ferroelectric material of the perovskite structure. Prefer-
ably, the ferroelectric material having its epitaxial growth
in the rhombohedron crystal (100) orientation is normal-
ly used, whereby its effect is improved.

[0157] As the ferroelectric material of the perovskite
structure may be used the same material as that of the
aforesaid capacitor 200. Consequently, various charac-
teristics of the cantilever 300 are further improved.
[0158] As described above, the lower electrode layer
13 contains the metal oxide of the perovskite structure
(especially, having the metal oxide of the perovskite
structure as the main component). The metal oxide of
the perovskite structure has little lattice mismatching
with the ferroelectric material of the perovskite structure.
Consequently, the piezoelectric body layer 34 can be
formed on the lower electrode layer 13 easily and relia-
bly by means of epitaxial growth in the rhombohedron
crystal (100) orientation, whereby the adhesive property
of the piezoelectric body layer 34 to the lower electrode
layer 13 is improved.

[0159] The average thickness of the piezoelectric
body layer 34 is preferably about 100 nm to 3000 nm,
and more preferably about 500 nm to 2000 nm, although
it is not particularly limited. Setting the average thick-
ness of the piezoelectric body layer 34 within the afore-
said ranges provides the cantilever 300 with reduced
size and various excellent characteristics.

[0160] The upper electrode layer 35 is formed on the
piezoelectric body layer 34.

[0161] The material and the average thickness of the
upper electrode layer 35 are the same as those of the
upper electrode layer 25 of the capacitor 200.

[0162] Next, the method for manufacturing the canti-
lever 300 will be described.

[0163] Forexample, the aforesaid cantilever 300 may
be manufactured as follows.

[0164] The method for manufacturing the cantilever
300 comprises the steps of forming the buffer layer 12
on the amorphous layer 15 (a buffer layer forming step),
forming the lower electrode layer (the conductive oxide
layer) 13 on the buffer layer 12 (a lower electrode layer
forming step), forming the piezoelectric body layer 34
on the lower electrode layer 13 (a piezoelectric body lay-
er forming step), exposing the lower electrode layer 13
(a lower electrode exposing step), and forming the up-
per electrode layer 35 on the piezoelectric body layer
34 (an upper electrode forming step), each of which will
be described hereinafter in turn.
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[1C] Buffer layer forming step

[0165] This step is carried out in the same way as the
aforesaid step [1A].

[2C] Lower electrode layer forming step

[0166] This step is carried out in the same way as the
aforesaid step [2A].

[3C] Piezoelectric body layer forming step

[0167] The piezoelectric body layer 34 is formed on
the lower electrode layer 13. This step may be carried
out in the same way as the aforesaid step [3B].

[0168] Priortothe forming the piezoelectric body layer
34, a third' target containing components of the afore-
said piezoelectric body layer 34 (a target for the piezo-
electric body layer) is disposed apart from the board
100, instead of the second target.

[0169] The third' target preferably has the same or
similar composition as the piezoelectric body layer 34
to be formed.

[4C] Lower electrode exposing step

[0170] This step is carried out in the same way as the
aforesaid step [4B].

[5C] Upper electrode layer forming step

[0171] This step is carried out in the same way as the
aforesaid step [5B].

[0172] Through the aforesaid steps [1C] to [5C], the
cantilever 300 is manufactured.

FERROELECTRIC MEMORY

[0173] A ferroelectric memory comprising the elec-
tronic device as capacitor will now be described.
[0174] Fig. 6 is a plan view schematically illustrating
a preferred embodiment of a ferroelectric memory ac-
cording to the present invention, and Fig. 7 is a cross
sectional view taken along line A-A of Fig. 6. It should
be noted that some of the oblique lines indicating cross
sections of the components are omitted for the purpose
of clarity of the drawing in Fig. 7.

[0175] As shown in Fig. 7, a ferroelectric memory 40
comprises a memory cell array 42 and a peripheral cir-
cuit group 41. The memory cell array 42 and the periph-
eral circuit group 41 are formed on different layers, re-
spectively. In this embodiment, the peripheral circuit
group 41 is formed on the lower layer (the lower part),
while the memory cell array 42 is formed on the upper
layer (the upper part).

[0176] The memory cell array 42 is arranged in such
a way that a first signal electrode (word line) 422 for se-
lecting rows and a second signal electrode (bit line) 424
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for selecting columns are perpendicular to each other.
However, the signal electrodes may be arranged oppo-
site to the aforesaid arrangement of the electrodes. In
other words, the first signal electrode 422 may be the
bit line, while the second signal electrode 424 may be
the word line.

[0177] Between the first signal electrode 422 and the
second signal electrode 424 is disposed a ferroelectric
layer 423. At the intersection of the first signal electrode
422 and the second signal electrode 424 are provided
unit capacitors (memory cells), respectively.

[0178] To cover the first signal electrode 422, the fer-
roelectric layer 423, and the second signal electrode
424, a first protecting layer 425 made of an insulating
material is provided.

[0179] To cover a second wiring layer 44, a second
protecting layer 426 made of an insulating material is
formed on the first protecting layer 425.

[0180] The first signal electrode 422 and the second
signal electrode 424 are electrically connected to a first
wiring layer 43 of the peripheral circuit group 41 via the
second wiring layer 44, respectively.

[0181] As shownin Fig. 6, the peripheral circuit group
41 comprises a first driving circuit 451 for selectively
controlling the first signal electrode 422, a second driv-
ing circuit 452 for selectively controlling the second sig-
nal electrode 424, and a signal detecting circuit 453,
such as a sense amplifier, whereby it is possible to se-
lectively write information to the unit capacitor (memory
cell) or selectively read information from the unit capac-
itor (memory cell).

[0182] AsshowninFig. 7, the peripheral circuit group
41 includes MOS transistors 412 formed on a semicon-
ductor substrate 411. Each of the MOS transistors 412
comprises a gate insulating layer 412a, a gate electrode
412b, and a source/drain region 412c.

[0183] The MOS transistors 412 are separated from
each other by means of an element separation region
413, and electrically connected to each other by means
of the first wiring layer 43.

[0184] A first interlayer insulating layer 414 is formed
on the semiconductor substrate 411 having the MOS
transistor 412 formed thereon, while a second interlayer
insulating layer 415 is formed on the first interlayer in-
sulating layer 414 to cover the first wiring layer 43.
[0185] On the second interlayer insulating layer 415
is formed a memory cell array 42 including a bottom lay-
er (buffer layer) 421.

[0186] The peripheral circuit group 41 and the mem-
ory cell array 42 are electrically connected to each other
by means of the second wiring layer 44.

[0187] In this embodiment, the second interlayer in-
sulating layer 415, the bottom layer 421, the first signal
electrode 422, the ferroelectric layer 423, and the sec-
ond signal electrode 424 together constitute the afore-
said capacitor 200.

[0188] In this embodiment, therefore, at least the sur-
face of the second interlayer insulating layer 415 is
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made of an amorphous material.

[0189] With the ferroelectric memory 40 constructed
as described above, the peripheral circuit group 41 and
the memory cell array 42 are stacked one after another
on the single semiconductor substrate 411. Conse-
quently, the chip area is remarkably reduced, and inte-
gration of the unit capacitor (memory cell) is increased
as compared with the case that the peripheral circuit
group 41 and the memory cell array 42 are disposed on
the same plane.

[0190] Now, one example of writing and reading op-
erations to/from the ferroelectric memory 40 will be de-
scribed in detail.

[0191] As to the reading operation, reading voltage
[Vl is applied to the selected unit capacitor. At this time,
an operation for writing '0' is carried out simultaneously.
Current flowing on the selected bit line or electric poten-
tial in the bit line of high impedance is read by means of
the sense amplifier.

[0192] Atthistime, prescribed voltageis applied to the
unselected unit capacitors to prevent any cross talk at
the time of the reading operation.

[0193] As to the writing operation, voltage [-V] is ap-
plied to the selected unit capacitor in the case of writing
'1". Voltage, which does not invert the polarity of the se-
lected unit capacitor, is applied to the selected unit ca-
pacitor in the case of writing '0', to keep '0" written at the
time of reading operation unchanged.

[0194] At this time, a prescribed voltage is applied to
the unselected unit capacitors to prevent any cross talk
at the time of the writing operation.

[0195] Now, the method for manufacturing the ferro-
electric memory 40 will be described in detail.

[0196] For example, the aforesaid ferroelectric mem-
ory 40 may be manufactured as follows.

1. The peripheral circuit group 41 is formed by
means of a known LSI process (semiconductor
process). Specifically, the MOS transistor 412 is
formed on the semiconductor substrate 411. For ex-
ample, the element separation region 413 is formed
at a prescribed area on the semiconductor sub-
strate 411 by means of a trench separating method
or a LOCOS method. Subsequently, the gate insu-
lating layer 412a and the gate electrode 412b are
formed. After that, the source/drain region 412c is
formed on the semiconductor substrate 411 by dop-
ing impurity.

2. The first interlayer insulating layer 414 is formed,
and a contact hole is formed. After that, the first wir-
ing layer 43 of a prescribed pattern is formed.

3. The second interlayer insulating layer 415 is
formed on the first interlayer insulating layer 414
having the first wiring layer formed thereon.

In this way, the peripheral circuit group 41 hav-
ing the driving circuits 451 and 452, and the signal
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detecting circuit 453 is formed.

4. The memory cell array 42 is formed on the pe-
ripheral circuit group 41. This step may be carried
out in the same manner as in the aforesaid steps
[1B] to [5B].

5. The first protecting layer 425 is formed on the fer-
roelectric layer 423 having the second signal elec-
trode 424 formed thereon. Furthermore, a contact
hole is formed at a prescribed area on the first pro-
tecting layer 425. After that, the second wiring layer
44 of a prescribed pattern is formed, by which the
peripheral circuit group 41 and the memory cell ar-
ray 42 are electrically connected to each other.

6. The second protecting layer 426 is formed on the
uppermost layer. In this way, the memory cell array
42 is formed, and thus the ferroelectric memory 40
is provided. The ferroelectric memory 40 is applica-
ble to various electronic apparatuses. The electron-
ic apparatuses include a personal computer, an IC
card, a tag, a cellular phone, etc.

INK-JET RECORDING HEAD

[0197] Anink-jet recording head having the electronic
device according to the present invention as the piezo-
electric actuator will now be described.

[0198] Fig. 8is an exploded perspective view illustrat-
ing a preferred embodiment of an ink-jet recording head
according to the present invention, and Fig. 9 is a cross
sectional view illustrating the structure of main parts of
the ink-jet recording head shown in Fig. 8. It should be
noted that the ink-jet recording head in Fig. 8 is shown
in reverse orientation, i.e., upside down.

[0199] As shown in Fig. 8, an ink-jet recording head
50 (hereinafter, referred to as head 50) comprises a noz-
zle plate 51, ink chamber substrate 52, a vibrating plate
53, and piezoelectric elements (vibrating sources) 54,
all of which are disposed in a base 56. The head 50 may
be an on-demand type piezo-jet head.

[0200] The nozzle plate 51 comprises a rolled plate
made of stainless steel, for example. Through the noz-
zle plate 51 are formed a plurality of nozzle holes 511
for discharging ink drops. The pitch between one of the
nozzle holes 511 and the neighboring nozzle hole is
properly set based on the printing precision.

[0201] The ink chamber substrate 52 is fixedly at-
tached to the nozzle plate 51.

[0202] The ink chamber substrate 52 includes a plu-
rality of ink chambers (cavities, pressure chambers) 521
defined by the nozzle plate 51, sidewalls (partitions)
522, and the vibrating plate, which will be described lat-
er. The ink chamber substrate 52 further includes a res-
ervoir chamber 523 for temporarily storing the ink sup-
plied from an ink cartridge 631, and a plurality of sup-
plying channels 524 for supplying the ink from the res-
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ervoir chamber 523 into the ink chambers 521, respec-
tively.

[0203] Each of the ink chambers 521 is formed in the
shape of a rectangular parallelepiped, and arranged un-
der the corresponding one of the nozzle holes 511. The
volume of each of the ink chambers 521 is varied by
means of the vibration of the vibrating plate 53, which
will be described later. The ink can be discharged by this
variation of the volume of each of the ink chambers.
[0204] As a basic material for the ink chamber sub-
strate 52 may be used, for example, a silicon single crys-
tal substrate, various glass substrates, or various plastic
substrates, all of which are general purpose substrates.
Therefore, the costs for manufacturing the head 50 may
be reduced by using the aforesaid substrates.

[0205] Among others, the silicon single crystal sub-
strate of the (110) orientation is preferably used as the
basic material for the ink chamber substrate 52. The sil-
icon single crystal substrate of the (110) orientation is
suitable for anisotropic etching. Consequently, the ink
chamber substrate 52 can be formed easily and reliably.
[0206] The average thickness of the ink chamber sub-
strate 52 is preferably about 10 um to 1000 um, and
more preferably about 100 um to 500 um, although it is
not particularly limited.

[0207] The volume of each of the ink chambers 521
is preferably about 0.1 nLto 100 nL, and more preferably
about 0.1 nL to 10 nL, although it is not particularly lim-
ited.

[0208] The vibrating plate 53 is attached to the ink
chamber substrate 52 opposite to the nozzle plate 51,
and the piezoelectric elements 54 are attached to the
vibrating plate 53 opposite to the ink chamber substrate
52 via a bottom layer (buffer layer) 55.

[0209] At a prescribed area of the vibrating plate 53
is formed a through hole 531 penetrating the vibrating
plate 53 in the direction of its thickness. The ink is sup-
plied from the ink cartridge 631, which will be described
later, into the reservoir chamber 523 through the hole
531.

[0210] A piezoelectric body layer 543 is disposed be-
tween an upper electrode 541 and a lower electrode 542
to form each of the piezoelectric elements 54. Each of
the piezoelectric elements 54 is disposed near the cent-
er of each of the ink chambers 521. Each of the piezo-
electric elements 54 is electrically connected to a pie-
zoelectric element driving circuit, which will be de-
scribed later, and operated (for example, vibrated or de-
formed) based on the signal from the piezoelectric ele-
ment driving circuit.

[0211] Each of the piezoelectric elements 54 serves
as a vibrating source. The vibrating plate 53 is vibrated
by the vibration of the piezoelectric elements 54 so that
the pressure in the ink chambers 521 rises instantane-
ously.

[0212] Base 56 is composed of various resin materi-
als and various metal materials, for example. Ink cham-
ber substrate 52 is fixed and supported in the base 56.
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[0213] In this embodiment, the vibrating plate 53, the
bottom layer (buffer layer) 55, the lower electrode 542,
the piezoelectric body layer 543, and the upper elec-
trode 541 constitute the aforesaid piezoelectric actuator
300.

[0214] In this embodiment, therefore, at least the sur-
face of the vibrating plate 53 is made of amorphous ma-
terial.

[0215] In case that a prescribed discharge signal is
not inputted via the piezoelectric element driving circuit,
i.e., that voltage is not applied between the lower elec-
trode 542 and the upper electrode 541 of the piezoelec-
tric element 54, the piezoelectric body layer 543 of the
head 50 is not deformed. As a result, the vibrating plate
53 is also not deformed, and thus the volume of the ink
chamber 521 is not varied. Consequently, no ink drop is
discharged through the nozzle holes 511.

[0216] On the other hand, in case that a prescribed
discharge signal is inputted via the piezoelectric ele-
ment driving circuit, i.e., that a prescribed voltage is ap-
plied between the lower electrode 542 and the upper
electrode 541 of the piezoelectric element 54, the pie-
zoelectric body layer 543 of the head 50 is bent severely.
As a result, the vibrating plate 53 is deformed, and thus
the volume of the ink chamber 521 rises instantaneous-
ly. Consequently, an ink drop is discharged through the
corresponding nozzle hole 511.

[0217] If once the ink is discharged, the voltage ap-
plied between the lower electrode 542 and the upper
electrode 541 is interrupted by the piezoelectric element
driving circuit, by which the piezoelectric elements 54
restore their original shapes, the volume of each of the
ink chambers 521 is increased. At this time, the pressure
acting from the ink cartridge 631, which will be described
later, to the nozzle holes 511 (pressure applied in the
forward direction) is applied to the ink. As a result, air
does not enter the ink chambers 521 through the nozzle
holes 511, and an amount of the ink corresponding to
the discharged amount of the ink is supplied from the
ink cartridge 631 (reservoir chamber 523) into the ink
chambers 521.

[0218] In this way, the discharge signals are inputted
in regular sequence to the piezoelectric element 54 of
the head 50 at the position where printing is desired via
the piezoelectric element driving circuit, with the result
that any desired letters or figures can be printed.
[0219] Now, one example of the method for manufac-
turing the head 50 will be described.

[0220] For example, the head 50 may be manufac-
tured as follows.

[0221] 10. A basic material, from which the ink cham-
ber substrate 52 is made, is integrally attached to the
vibrating plate 53.

[0222] For example, the basic material may be inte-
grally attached to the vibrating plate 53 by heating the
basic material and the vibrating plate 53 while the basic
material is pressed against the vibrating plate 53. Ac-
cording to the aforesaid heat treatment, the basic ma-
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terial can be integrally attached to the vibrating plate 53
easily and reliably.

[0223] The condition for heat treatment is preferably
100 to 600°C and 1 to 24 hours, and more preferably
300 to 600°C and 6 to 12 hours, although it is not par-
ticularly limited.

[0224] Other different bonding or welding methods
may be used to attach the basic material to the vibrating
plate 53.

[0225] 20. The piezoelectric elements 54 are formed
on the vibrating plate 53 via the bottom layer 55.
[0226] This forming step may be carried out in the
same way as the aforesaid steps [1C] to [5C].

[0227] 30. Recessed portions constituting the ink
chambers 521 are formed on the basic material, from
which the ink chamber substrate 52 is made, at the po-
sitions corresponding to the piezoelectric elements 54,
respectively. Also, other recessed portions constituting
the reservoir chamber 523 and the supplying channels
524 are formed on the basic material at prescribed po-
sitions, respectively.

[0228] Specifically, a mask layer is formed at the po-
sition where the ink chambers 521, the reservoir cham-
ber 523, and the supplying channels 524 are to be
formed. After that, one of the following etching is carried
out on the mask layer: dry etching, such as parallel plate
type reactive ion etching, inductive coupling etching,
electrocyclotron resonance etching, helicon wave excit-
ing etching, magnetron etching, plasma etching, ion
beam etching, or wet etching with highly concentrated
alkali aqueous solution, such as 5 to 40 wt% of potas-
sium hydroxide or tetramethylammonium hydroxide.
[0229] By the etching, the basic material is removed
to the extent that the vibrating plate 53 is exposed on
the basic material in the direction of its thickness, with
the result that the ink chamber substrate 52 is formed.
At this time, the remaining portions, which are not
etched, constitute the sidewalls 522. The exposed vi-
brating plate 53 is ready to serve as the vibrating plate.
[0230] In case that the silicon substrate of the (110)
orientation is used as the basic material, the basic ma-
terial is easily subjected to the anisotropic etching using
the aforesaid highly concentrated alkali aqueous solu-
tion. Consequently, the ink chamber substrate 52 can
be formed easily.

[0231] 40. The nozzle plate 51 having a plurality of the
nozzle holes 511 formed therethrough is disposed on
the ink chamber substrate 52 in such a manner that the
nozzle holes 511 mate with the corresponding recessed
portions constituting the ink chambers 521, respectively.
As a result, a plurality of the ink chambers 521, the res-
ervoir chamber 523, and a plurality of the supplying
channels 524 are formed in such a manner that they are
separated from one another.

[0232] The attaching may employ various bonding
methods, such as adhesion by adhesives, or various
welding methods.

[0233] 50. The ink chamber substrate 52 is attached
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to the base 56.
[0234] By the steps as described above, the ink-jet
recording head 50 is provided.

INK-JET PRINTER

[0235] An ink-jet printer having the ink-jet recording
head according to the present invention will now be de-
scribed.

[0236] Fig. 10 is a diagrammatic view illustrating a
preferred embodiment of an ink-jet printer according to
the present invention.

[0237] In the following description, the upper side of
Fig. 10 is referred to as the upper part, and the lower
side as the lower part.

[0238] As shownin Fig. 10, the ink-jet printer 60 com-
prises a printer body 62, atray 621 disposed at the upper
rear part of the printer body 62 for supplying printing pa-
pers P, a paper discharging section 622 formed at the
lower front part of the printer body 62 for discharging the
printing papers P, and a control panel 67 provided on
the printer body 62.

[0239] The control panel 67 may be realized, for ex-
ample, by a liquid crystal display, an organic EL display,
oraLED lamp. The control panel 67 comprises a display
part for displaying error messages (not shown) and a
control part including various kinds of switches (not
shown).

[0240] In the printer body 62 are mainly mounted a
printing apparatus (printing means) 64 having a recip-
rocating head unit 63, a feeder (feeding means) 65 for
feeding the printing papers P sheet by sheet to the print-
ing apparatus 64, and a controller (controlling means)
66 for controlling the printing apparatus 64 and the feed-
er 65.

[0241] By control of the controller 66, the feeder 65
intermittently feeds the printing papers P sheet by sheet.
A thus fed printing paper P passes near the lower part
of the head unit 63. At this time, the head unit 63 is re-
ciprocated perpendicularly to the direction of feeding the
printing paper P so that the printing operation is carried
out on the printing paper P. Specifically, the reciprocat-
ing of the head unit 63 and the intermittent feeding of
the printing paper P indicates scanning and feeding op-
erations in the printing process, respectively. In this way,
the ink-jet printing operation is accomplished.

[0242] The printing apparatus 64 comprises the head
unit 63, a carriage motor 641 for driving the head unit
63, and a reciprocating mechanism 642 for moving the
head unit 63 from side to side when the carriage motor
641 is rotated.

[0243] The head unit 63 comprises an ink-jet record-
ing head 50 having a plurality of nozzle holes 511 formed
at the lower part thereof, an ink cartridge 631 for sup-
plying ink to the ink-jet recording head 50, and a carriage
632 for holding the ink-jet recording head 50 and the ink
cartridge 631.

[0244] The ink cartridge 631 preferably contains four
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colors of ink, such as yellow, cyan, magenta, and black,
therein, to carry out full color printing. In this case, a plu-
rality of ink-jet recording heads 50 for providing the
colors, the structures of which will be described later,
are mounted in the head unit 63.

[0245] The reciprocating mechanism 642 comprises
a carriage guide shaft 643 having both ends supported
by a frame (not shown), and a timing belt 644 disposed
in parallel with the carriage guide shaft 643.

[0246] The carriage 632 is supported by the carriage
guide shaft 643 in such a way that the carriage 632 can
be reciprocated. Furthermore, the carriage 632 is fixedly
attached to a part of the timing belt 644.

[0247] If the timing belt 644 travels in the forward and
reverse directions via a pulley by the operation of the
carriage motor 641, the head unit 63 is reciprocated
while being guided by the carriage guide shaft 643. Dur-
ing this reciprocation of the head unit 63, a suitable
amount of the ink is discharged from the ink-jet record-
ing head 50 so that the printing operation is carried out
on a printing paper P.

[0248] The feeder 65 comprises a feeding motor 651
and a feeding roller 652 rotated by the operation of the
feeding motor 651.

[0249] The feedingroller 652 comprises adriven roller
652a and a driving roller 652b, which are disposed op-
posite to each other. The feeding passage of the printing
papers P is defined between the driven roller 652a and
the driving roller 652b, i.e., the printing papers pass be-
tween the driven roller 652a and the driving roller 652b.
The driving roller 652b is connected to the feeding motor
651. Consequently, the feeding roller 652 can feed the
printing papers P received in the tray 621 sheet by sheet
toward the printing apparatus 64. Instead of the tray 621,
a feeding cassette for storing the printing papers P may
be mounted detachably in the printer body 62.

[0250] The controller 66 controls the printing appara-
tus 64 and the feeder 65 based on information inputted
from a host computer, such as a personal computer or
a digital camera, to carry out the printing operation.
[0251] The controller 66 comprises a memory for stor-
ing control programs for controlling the parts of the print-
er, a piezoelectric element driving circuit for controlling
timing of ink discharge by driving the piezoelectric ele-
ments (vibrating sources) 54, a driving circuit for driving
the printing apparatus (carriage motor 64 1), a driving cir-
cuit for driving the feeder 65 (the feeding motor 651), a
communicating circuit for receiving printing data from
the host computer, and a CPU electrically connected to
the above components for controlling them, none of
which are shown.

[0252] To the CPU are electrically connected various
sensors for sensing various printing environments, such
as residual amount of ink in the ink cartridge 631, and
position, temperature and humidity of the head unit 63,
respectively.

[0253] The controller 66 receives the printing data via
the communicating circuit to input it to the memory.
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[0254] The CPU processes the printing data, and out-
puts driving signals to the driving circuits based on the
processed data and the data inputted from the sensors.
By means of the driving signals, the piezoelectric ele-
ments 54, the printing apparatus 64 and the feeder 65
are operated, respectively. Consequently, the printing
operation is carried out on the printing papers P.
[0255] Although the board for the electronic device,
the electronic device, the ferroelectric memory, the elec-
tronic apparatus, the ink-jet recording head, and the ink-
jet printer have been described on the basis of the pre-
ferred embodiments with reference to the drawings, the
present invention is not limited to the aforesaid embod-
iments.

[0256] For example, various modifications, additions
and substitutions to the parts constituting the board for
the electronic device, the electronic device, the ferroe-
lectric memory, the electronic apparatus, the ink-jet re-
cording head, and the ink-jet printer are possible.
[0257] Furthermore, additional steps may be added
in the method for manufacturing the board for the elec-
tronic device, the electronic device, the ferroelectric
memory, and the ink-jet recording head.

[0258] Moreover, any liquid discharging mechanism
of various industrial liquid discharging apparatuses may
be applied to the ink-jet recording head according to the
aforesaid preferred embodiment of the present inven-
tion. In this case, it is possible to use any liquid or liquid
state substance having viscosity suitable to be dis-
charged from nozzles (liquid discharging holes) of the
liquid discharging mechanism in the liquid discharging
apparatus, in addition to the aforesaid ink (colored ink
of yellow, cyan, magenta, and black).

[0259] As apparent from the above description, the
present invention provides a board for an electronic de-
vice comprising a substrate at least having a surface
made of an amorphous substance, a buffer layer formed
on the surface of the substrate, the buffer layer having
an orientation at least in the direction of its thickness,
and a conductive oxide layer formed on the buffer layer
by means of epitaxial growth, the conductive oxide layer
having a metal oxide of a perovskite structure, whereby
the electronic device with various excellent characteris-
tics can be realized in the most suitable structure.
[0260] Furthermore, any of various general purpose
boards is used as the board of the electronic device ac-
cording to the present invention, whereby the costs for
manufacturing the board for the electronic device can
be reduced.

[0261] Moreover, in case that the conductive oxide
layer is formed by properly selecting a material for the
buffer layer, not only the efficiency of forming the con-
ductive layer can be improved, but also the adhesive
property between the substrate and the conductive ox-
ide layer can be improved.
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Claims

10.

11.

A board for an electronic device comprising: a sub-
strate at least having a surface made of an amor-
phous substance; a buffer layer formed on the sur-
face of the substrate, the buffer layer having an ori-
entation at least in the direction of its thickness; and
a conductive oxide layer formed on the buffer layer
by means of epitaxial growth, the conductive oxide
layer comprising a metal oxide of a perovskite struc-
ture.

The board according to claim 1, wherein the buffer
layer has an orientation in all the three-dimensional
directions.

The board according to claim 1 or 2, wherein the
buffer layer is formed by epitaxial growth in the cu-
bic crystal (100) orientation.

The board according to any one of claims 1 to 3,
wherein the buffer layer contains at least one se-
lected from the group consisting of a metal oxide of
a NaCl structure and a metal oxide of a fluorite
structure.

The board according to claim 4, wherein the metal
oxide of the NaCl structure is at least one selected
from the group consisting of MgO, CaO, SrO, and
BaO, or a solid solution containing MgO, CaO, SrO,
or BaO.

The board according to claim 4, wherein the metal
oxide of the fluorite structure is at least one selected
from the group consisting of yttria-stabilized zirco-
nia, CeO,, and ZrO,, or a solid solution containing
yttria-stabilized zirconia, CeO, or ZrO,.

The board according to any one of claims 1 to 6,
wherein the conductive oxide layer is formed by epi-
taxial growth in the pseudo cubic crystal (100) ori-
entation or the pseudo cubic crystal (110) orienta-
tion.

The board according to any one of claims 1 to 7,
wherein the metal oxide of the perovskite structure
is at least one selected from the group consisting of
CaRuO3, SrRuO3, and BaRuOg, or a solid solution
containing CaRuO3, SrRuO3, or BaRuOs3.

An electronic device having the board according to
any one of claims 1 to 8.

The electronic device according to claim 9, wherein
the device is a capacitor.

The electronic device according to claim 9, wherein
the device is a piezoelectric actuator.
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13.

14.

15.
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A ferroelectric memory comprising the device ac-
cording to claim 10.

An electronic apparatus comprising the ferroelectric
memory according to claim 12.

An ink-jet recording head comprising the electronic
device according to claim 11.

An ink-jet printer comprising the ink-jet recording
head according to claim 14.
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